Abstract Fragmentation represents a serious threat to biodiversity worldwide, however its effects on epiphytic organisms is still poorly understood. We study the effect of habitat fragmentation on the genetic population structure and diversity of the red-listed epiphytic lichen, Lobaria pulmonaria, in a Mediterranean forest landscape. We tested the relative importance of forest patch quality, matrix surrounding fragments and connectivity on the genetic variation within populations and the differentiation among them. A total of 855 thalli were sampled in 44 plots (400 m 2 ) of 31 suitable forest fragments (beeches and oaks), in the Sierra de Ayllón in central Spain. Variables related to landscape attributes of the remnant forest patches such as size and connectivity and also the nature of the matrix or tree species had no significant effects on the genetic diversity of L. pulmonaria. Values of genetic diversity (Nei's) were only affected by habitat quality estimated as the age patches. Most of the variation (76%) in all populations was observed at the smallest sampled unit (plots). Using multiple regression analysis, we found that habitat quality is more important in explaining the genetic structure of the L. pulmonaria populations than spatial distance. The relatively high level of genetic diversity of the species in old forest patches regardless of patch size indicates that habitat quality in a highly structured forest stand determines the population size and distribution pattern of this species and its associated lichen community. Thus, conservation programmes of Mediterranean mountain forests have to prioritize area and habitat quality of old forest patches.
Introduction
Anthropogenic impacts to ecosystems result in changes in the distribution and abundance of species, particularly in areas affected by habitat destruction (Johansson and Ehrlén 2003; Ries et al. 2004 ). Fragmentation represents a threat to biodiversity worldwide by reducing the amount of suitable habitat, increasing isolation between habitat patches, and changing biotic and abiotic conditions within remnants (Fahrig 2003) . Population genetics theory predicts that habitat fragmentation can disrupt breeding systems, resulting in increased inbreeding and erosion of genetic diversity within populations, together with a substantial population differentiation (Young et al. 1996; Hamrick 2004) . In addition, a population subject to habitat fragmentation faces increasing isolation of the resulting subpopulations, leading to two major genetic effects: genetic drift leading to increasing differentiation among subpopulations and declining genetic diversity within subpopulations (Templeton et al. 1990) .
It is also well known that some species are at greater risk of extinction in fragmented landscapes than others (Hoehn et al. 2007) . Identifying the factors that make these species so sensitive to fragmentation and understanding how fragmented habitat may affect population viability are essentials for conservation management of fragmented populations. Only with this information available can integrative ecological and evolutionary principles of species at risk be implemented in conservation planning. For instance, the current paradigm in plant population genetics has not been tested in other groups of organisms. Cryptogamic epiphytes, associated to old forests, are especially sensitive to habitat quality, which may be affected by fragmentation. Consequently many epiphyte species have experienced sharp population declines parallel to the conversion of continuous forests into small fragments of sheltered landscape (Sjöberg and Ericson 1992; Snäll et al. 2004; Löbel et al. 2006; Scheidegger and Werth 2009 ). However, the effects of habitat fragmentation on the genetic structure and diversity of epiphytic organisms have been largely neglected and the genetic consequences on these organisms remain poorly understood (Lättman et al. 2009 ).
How landscape fragmentation affects individual organisms is dependent on the attributes of the organisms (Henle et al. 2004; Schmuki et al. 2006) and their interaction with the biotic and abiotic changes produced after the fragmentation. Therefore, the combination of molecular genetics tools with landscape ecological concepts, more specifically landscape genetics (Manel et al. 2003) , can aid in understanding the processes driving genetic diversity, structure and population persistence (Holderegger and Wagner 2008) . Patch size and isolation are the predictors often used to describe fragmented landscapes and to investigate the effects of habitat fragmentation on community and species dynamics (Hanski and Gaggiotti 2004) . More recently using landscape genetic approaches, the relevance of habitat quality, landscape history and also the nature of the matrix surrounding each remnant have taken in account when studying the genetic effects of fragmentation on species (Nielsen et al. 2006; Williams et al. 2006; Werth et al. 2007; Holderegger and Wagner 2008) .
A consensus exists in which the effect of fragmentation is dependent on the ability of species to disperse and colonize such habitats at different scales (Hanski and Gaggiotti 2004; Münzbergová and Herben 2005; Pohjamo et al. 2008; Löbel et al. 2009 ). Genetic markers provide a powerful tool for obtaining indirect estimates of dispersal and gene flow in natural populations by evaluating the genetic structure and diversity of species at nested spatial and temporal scales. The genetic structure and diversity of lichen-forming fungi has been the subject recently of many studies, reporting mixed conclusions regarding dispersal abilities, habitat characteristics and landscape levels (Lättman et al. 2009 ).
Our main goal is to evaluate the effect of habitat fragmentation on the genetic structure and diversity of the epiphytic lichen, Lobaria pulmonaria, in a Mediterranean forest landscape. L. pulmonaria is one the most studied lichen species. It is mainly an epiphytic lichen of humid temperate and boreal regions of the northern hemisphere and cooler parts of the tropics occupying also well conserved stands in the Mediterranean region (Belinchón 2009; Belinchón et al. 2009 ). Lobaria pulmonaria produces both vegetative and sexual propagules and it has been historically considered a dispersal-limited species. However, recent studies suggest that in many parts of the species' distribution area the most important factor for the population persistence of this species is the establishment stage and recruitment rather than dispersal (Werth et al. 2006a; Belinchón 2009; Scheidegger and Werth 2009) .
In Mediterranean fragmented mountain forest, habitat quality (i.e. tree species and forest stand age) profoundly affects the occurrence and cover of Lobaria pulmonaria, at several spatial scales from the tree to the patch level ). Therefore, we hypothesized that genetic differentiation between habitat types and qualities would result from genetic drift during dispersal, recruitment or growth in relation to spatial isolation of forest patches in a fragmented forest landscape. To test our hypothesis we compared the local genetic diversity and structure of this species in forest patches with the characteristics of the patches (including host tree species, patch size, connectivity and surrounding matrix) and a complete set of environmental predictors taken at different scales in the forest fragments. This study applies landscape genetic methods with a multimodel approach that evaluates alternative hypotheses and identifies a combination of environmental factors that appear to drive gene flow in this fragmented Mediterranean landscape. We identified which factors are affecting the genetic diversity and structure of this model lichen species and discuss implications for the conservation of this species.
Materials and methods

Sampling
The study area is a mosaic of beech (Fagus sylvatica) and Mediterranean oak (Quercus pyrenaica) forest remnants embedded in a matrix dominated by heathlands (Erica arborea and E. australis) and pine afforestations (Pinus sylvestris). It covers 5600 ha and is located in the Sierra de Ayllón, at the eastern most tip of the Sistema Central Range, Spain (41°13 0 N 3°21 0 W). The climate is Mediterranean with a mean annual temperature of 7.8°C (0.10°C January-19.2°C July) and an annual rainfall of 1039 mm (1408-1835 m a.s.l.). Loss and forest fragmentation have occurred extensively, although some well-preserved beech forests restricted to areas of difficult access remain. From the 1960s to date, most forests have been clear-cut and modern forestry practices have maintained a Pinus sylvestris afforestations and extense Erica communities (Hernández and Sainz 1978) . The studied area included both north and south facing slopes of the Ayllón Mountains. The southern slopes are currently under protection within the Natural Park ''Hayedo de Tejera Negra'' whereas the northern slope (Riaza) is not formally protected. The south facing slopes include two valleys, both with different topographic and landscape characteristics: Zarzas River and Lillas River. The management and intensity of fragmentation has also varied in these three regions. The forest patches matrix of Riaza is dominated by heathlands, and in Lillas and Zarzas the matrixes are a mixture among pine afforestation and heathlands. For more details about the study area and landscape characteristics see Belinchón et al. (2009) . A hierarchical sampling design was implemented, Riaza, Lillas and Zarzas were considered regions, each region comprise several forest patches of beeches and oaks, and each forest patches may include several plots of 400 m 2 . A total of 44 plots in 31 forest patches along the three regions were sampled. The forest patches area ranged from 0.75 to 209.80 ha and the distance between patches ranged from 200 m to 8 km, with a mean distance of 3.10 km (SD = 1.63) ).
Aerial photographs 1:1000 were taken from SigPac (http://sigpac.jccm.es/visorSigpac/) and analyzed to identify forest patches, which were delimited and drawn in a GIS. From the 55 plots of 20 9 20 m 2 randomly sampled by Belinchón et al. (2009) , the 44 plots with Lobaria pulmonaria were selected for this study (34 plots were in beech patches and 10 plots were in oak patches). Variables describing forest patch characteristics: area (ha), connectivity, and percentaje of matrix pine perimeter were estimated using GIS (ArcView GIS 3.1) as described by Belinchón et al. (2009) . Within each plot we sampled 20 lichen thalli each from a different tree. Multiple thalli from the same tree were sampled in plots with fewer than 20 trees occupied by L. pulmonaria. In seven plots less than 20-thalli were collected (see Table 1 ). Thus, we sampled a total of 855 thalli of L. pulmonaria. Each plot was georeferenced. At the plot level we measured the total number of trees per plot, trees carrying L. pulmonaria per plot, diameter at breast height (dbh, cm), tree species (oak or beech) and plot distance to the nearest permanent water course (m, using GIS) ( Table 1) . Lichen species cover below 2-m height was measured in square centimetres (L. pulmonaria rarely grows above this height in the study area). Because the surrounding matrix may influence the persistence and dispersal of L. pulmonaria ), the perimeter pine afforestations bordering each patch was also recorded as a surrogate of the complex nature of the matrix (Table 2) .
Genetic analyses
Lobaria pulmonaria samples from fresh material were ground in liquid nitrogen. Total genomic DNA was extracted using the DNeasy Plant Mini Kit (Qiagen) according to the manufacturer's instructions with slight modifications described in Crespo et al. (2001) . Three unlinked fungal microsatellites LPu03, LPu09 and LPu15 were analyzed (Walser et al. 2003 . The loci were amplified in a multiplex PCR of 10 ll using 1 ll of genomic DNA, 2 ll of the Qiagen Multiplex PCR Master Mix solution and 25 nM of the primers LPu03, LPu09 and LPu15. DNA amplifications were carried out in a Peltier thermal cyclers (PTC-100) and performed using the following programs: initial denaturation at 95°C for 15 min, and 27 cycles 94°C for 45 s, 55°C for 90 s, 72°C for 60 s, followed by a final extension at 72°C for 30 min. Fragmented sizes of PCR products were determined on an ABI3100-avant automatic sequencer (Applied Biosystems). Allele assignment was performed using GeneMapper v3.7.
Numerical analyses
Genetic diversity within plots
As a measurement of genetic variation Nei's unbiased gene diversity (H; Nei 1978) was calculated as well as the number of multilocus genotypes per population (G). Both genetic diversity estimators were calculated using the codes written by Werth et al. (2006a) Generalized Linear Mixed Model (GLMMs, Breslow and Clayton 1993) was implemented to evaluate the effect of environmental variables (mean dbh, patch connectivity, percentage of pine matrix and cover of L. pulmonaria) on the genetic diversity of L. pulmonaria within plots. This modelling approach was chosen because our data had an unbalanced and hierarchical structure with plots nested within patches. A hierarchical data Patch names follow the nomenclature introduced by Belinchón et al. (2009) , n represents the total number of individual sampled in each patch structure implies a correlation between data points at different scales, inflating the error degrees of freedom and increasing the chance of making a Type I error. To overcome these problems, we analyzed the data using a multilevel approach, considering when necessary plots and patches as random factors and applying mixed modelling (Verbeke and Molenberghs 1997) . Predictors were included as explanatory variables (fixed factors) and patch and plot were included as random sources of variation. Because the data tended to be over-dispersed in some cases, we used the quasi-likelihood approach to overcome possible difficulties (Guisan et al. 2002) . For L. pulmonaria genetic diversity (H and G) we fitted the mixed models using the normal response, an ''identity'' link function, and setting the variance to ''1-mean''. Effects of random factors were tested using the Wald Z-statistic test. All GLMM computations were performed using SAS Macro program GLIMMIX, which iteratively calls SAS Procedure Mixed until convergence (GLIMMIX ver. 8 for SAS/STAT; available at http://www.sas.com.techsup/download/stat/). Since the number of patches was limited (44) we did not include other hierarchized levels for the host tree diversity (beech and oak). For exploring differences between the two host species we built a simpler linear model at this level.
Genetic structure
To estimate differences among the three regions (Zarza Valley, Lillas Valley and the northern slope of the Ayllón Mountains) a genetic distance matrix of pairwise Fst values was used to perform hierarchical analysis of molecular variance (AMOVA). We also performed a second AMOVA to test for genetic structure correlated to forest patches. AMOVAs were carried out using ARLEQUIN 3.11 software (http://lgb.unige.ch/arlequin/), assessing significance by 10,000 permutations. Additionally, we performed a Multiple Regression on distance Matrices (MRM) to identify environmental variables that best predicted genetic differentiation among populations taking into account the spatial structure of the populations. We used a MRM lag matrices model to test the percent of variation in population pairwise genetic distance matrix (Fst, Reynolds et al. 1983 ) explained by the spatial structure and the differences among environmental variables between populations. Population genetic distance matrix of pairwise Fst values was also calculated using ARLEQUIN 3.11. The MRM is a multiple regression of a response distance matrix (pairwise Fst) on environmental and spatial explanatory distance matrices (Lichstein 2007) . Permutation of MRM environmental models were performed using five environmental distance matrices containing the absolute values of inter-population differences for the following variables: distance from the river, type of forest (host tree), connectivity and average dbh. Each distance matrix (Dy) included 946 distance values (44 populations Dy = n(n -1)/2, n = populations). For geographic distance, we constructed 10 lag distance classes, following Sturge's rule (Legendre and Legendre 1998) . The MRM method allows each environmental variable to be represented by its own distance matrix providing an improved correlation among genetic structure and environmental variables (Lichstein 2007) . Therefore, we opted to employ the MRM method. Two models were implemented to estimate the partitioning of variation in genetic distance into two components: pure environmental (E) and spatial-environmental (S-E). The first model searches over all possible combinations of five environmental distance matrices, to identify the set that explains the highest level of variation in the population pairwise Fst distance. The second model includes the significant environmental variables selected by the first model and the 10 lag distance classes. Permutation test for MRM models were implemented using forward and backward selections in PERMUTE! 3.4 (Legendre et al. 1994 ) with a p to enter or to remove of 0.05/X using the Bonferroni correction. In all cases, forward selection and backward elimination chose the same variables.
Results
Genetic diversity within plots
A total of 855 thalli of L. pulmonaria from 44 plots (31 forest patches) were genotyped at three microsatellite loci. A total of 47 different multilocus genotypes were detected. Genetic diversity estimated as H ranged from 0.00 to 0.69 (Table 1) . Values of genetic diversity (H and G) were not affected neither by type of forest (beech or oak) or patch size (Figs. 1, 2 ). The minimum value for H and G were found in a plot with oak trees in the Zarzas valley region (Zarzas-Oaks 29, Table 1 ). Low diversity values were also found in the other regions and in both types of forests (e.g. Zarzas-Beech 7, Riaza-Beech 17 and Lillas-Oaks 26). The highest value of both genetic diversity estimators was found in a plot with beech trees in the Riaza region (Riaza-Beech 22, Table 1 ). The linear generalized models indicated that average tree diameter per plot was the most important predictor of the genetic diversity estimated as H but not of the number of multilocus genotypes in the plot G (Table 3) . Gene diversity H increased significantly with the average tree diameter in plots. Neither the forest patch connectivity nor the perimeter of surrounding pine afforestation accounted for the variation in genetic diversity. In both cases the residual values were significant (H residual: Z = 4.22, P \ 0.0001; G residual: Z = 4.25, P \ 0.0001).
Genetic structure
AMOVA results showed that most of the variation (76.1%) was found within the 400 m 2 demes (plots), followed by significant variation among demes within regions (24.1%), while molecular variation among regions was not statistically significant (Table 4) . There was also a weak but significant genetic differentiation among forest patches (3.4%; Table 5 ).
Multiple regression analyses results are shown in Table 6 . Partitioning the variance strictly into geographic distance (10 lag distance classes) explained 1.3% of the pairwise Fst; environmental variables explained 8.9% and the combined model with both distance Fig. 1 Genetic diversity (H and G) by type of tree host studied and environmental variables explained 10% (Table 6 ). Only a negligible spatial autocorrelation of genetic diversity among subpopulations between the 1429-2856 m of distance was found (lags 3 and 4; Table 6). 
Discussion
Genetic diversity within populations
The ecological requirements and population structure of Lobaria pulmonaria in the Mediterranean forest landscape (Martínez et al. 2006; Belinchón et al. 2009 ), together with the continuous reduction of suitable habitat of this species, suggest that the species could exhibit low levels of genetic diversity. However, the populations of this lichen in the study area exhibited relatively high values of genetic diversity (H) in most forest patches (mean value of H = 0.46; SD = 0.15). The levels of genetic diversity that we observed were similar to values reported from Central Europe (Walser et al. 2005; Werth et al. 2006a) despite the fact that the latter are generally larger and have a more continuous distribution than the marginal populations studied (Martínez et al. 2006) . We expected that small forest patches with little connectivity would exhibit low values of genetic diversity and higher levels of differentiation relative to populations of connected forest patches. However, no evidence was found for a consistent reduction in genetic diversity in L. pulmonaria populations in isolated forest fragments (Table 3 ; Fig. 2 ). Predictors related to landscape attributes of the remnants such as connectivity together with the nature of the matrix had no significant effects on the genetic diversity of L. pulmonaria (Table 3) . We found no relationship between total cover of Lobaria pulmonaria in the plot and the genetic variation (Table 3) . Population genetics theory predicts that fragmentation into isolated, discrete subpopulations composed of relatively few individuals contributes to a depletion of overall genetic diversity (Ellstrand and Elam 1993) . However, our results only showed that habitat quality (i.e. patch longevity: estimated as mean tree dbh) exerted some influence on genetic diversity. Negative effects of landscape fragmentation have been previously reported for bryophytes (Wilson and Provan 2003; Wyatt et al. 2005) . However, recent studies did not find a reduction in population genetic diversity due to forest fragmentation in lichens and bryophytes species associated to well preserve forest (Zartman et al. 2006; Pohjamo et al. 2008; Lättman et al. 2009 ).
The genetic diversity found within populations likely results from cumulative effects of both historical and present processes (Hewitt 2000) . Present processes include habitat alteration and its consequence on the local climate, which may influence growth and reproduction of L. pulmonaria. Lobaria pulmonaria reproduces either by sexual (microscopic spores of the mycobiont) or vegetative propagules (contains both symbionts), such as soredia and/or isidioid soredia (Büdel and Scheidegger 2008) . The vegetative propagules are better suited to the establishment of new individuals at short distances, while spores are more effective as long distance propagules (Buschbom 2007; Scheidegger and Werth 2009 ). Although L. pulmonaria potentially exhibit these two reproductive strategies, our populations completely lacked sexual reproduction. Sexual reproduction of L. pulmonaria is very rare in the Mediterranean region of Spain (1.2% of 5253 individual from 16 populations along the Iberian Peninsula has sexual structures, Martínez et al. unpubl. data) but this lack have no negative effects on genetic diversity 50 years after partial habitat transformation into pine forests and heathland. Even with the limited dispersal potential, fragmentation of the forest landscape did not cause a reduced genetic diversity in L. pulmonaria at the plot level, since relatively high levels of genetic diversity were irrespective of forest patch size and patch connectivity. Because genetic drift effects in fragmented habitats accumulate by the number of generations, it is expected that adverse genetic consequences are more notable in populations of short-lived species relative to long-lived species (Young et al. 1996) . Therefore we conclude that the long generation time of this species has prevented demes from genetic drift since the fragmentation of the forest landscape in the 1960s. Previous studies shown that sexual reproduction of L. pulmonaria is related to higher genetic diversity within populations (Zoller et al. 1999) . However, vegetative reproduction is able to maintain genotypes in large populations, and may even allow the accumulation of new genotypes by mutation events. Therefore, vegetative reproduction may buffer the genetic effect of habitat fragmentation by delaying the impact between generations (Honnay and Bossuyt 2005) . Thus, the values of H and G observed in this study still largely reflect the situation before the fragmentation 50 years ago since this period is still within the range of one generation of the lichen and its host trees. Our results are congruent with those reported by Belinchón et al. (2009) , who concluded that L. pulmonaria is sensitive to a decrease in habitat quality, with tree size being the most important predictor for the maintenance of its populations in Mediterranean forests. Habitat quality estimated as the age of the patches is a critical factor in L. pulmonaria performance ) and also for the genetic diversity (H). It is important to note that the variation in genetic diversity levels and genetic structure of lichen species may be also influenced by photobiont availability and specificity. Further studies on the genetic structure and diversity of the photobiont in L. pulmonaria populations are necessary to provide information about the mode of symbiont transmission. The establishment of a lichen from fungal spores is only effective in the presence of the photobiont partner. If the fungal partner is highly specific the most effective dispersal mechanisms will be through vegetative propagules. Future studies on the mode of simbiont transmission will give us more information about the response of L. pulmonaria to habitat fragmentation.
Spatial structure
The AMOVA results indicated that most of the total genetic variation was due to differences among individuals within demes with negligible differentiation among the three regions sampled in spite of the management history and conservation status (Tables 4, 5 ). However, we detected a limited but significant population structure of Lobaria pulmonaria at small scale. More specifically, we found that at forest patch level populations are poorly structured (Table 5) . A weak but significant isolation-by-distance in this species was previously reported in central Europe (Werth et al. 2007 ). Due to the relatively high level of fragmentation and the management history of this landscape, we expected higher levels of differentiation by low gene flow among remnant forests and a strong effect due to genetic drift. The pine afforestation is not an appropriate habitat for this species; therefore we presumed that it would be acting as a barrier to the gene flow.
The spatial model only explained 1.3% of the genetic differentiation, which, although statistically significant, has a low ecological relevance (Table 6 ). The results of MRM showed that none of the landscape features alone explained the observed genetic differentiation. The best model explained 10% of the total variance (S-E, Table 6 ). This spatially unstructured pattern reflects the connectedness among forest stands that occurred in this Mediterranean landscape before fragmentation. The analysis also identified a combination of environmental factors that appeared to drive L. pulmonaria gene flow in this landscape (Table 6 ). Thus, distances to the river and forest connectivity affect slightly the population genetic structure, suggesting that well preserved forest fragments close to the rivers harbour slightly differentiated populations. Belinchón et al. (2009) also found that the more humid and stable conditions close to rivers profoundly affected the performance of this species. In addition, mean tree diameter differences have a weak but also significant influence in the spatial genetic structure of L. pulmonaria (Table 6 ). This indicates that plots maintaining old trees carry L. pulmonaria genetically more similar than those patches that are geographically close but with younger trees. It suggests that the genetic configuration of young patches could be explained by rare random colonization events from old patches, followed by clonal spread of the recently established individuals (Werth et al. 2006a; Wagner et al. 2006) . Thus the effective dispersal processes operating in the past when the old forest habitat was more continuous, has only slightly been reduced due to habitat fragmentation. The fact that forest age is a component that influences the genetic structure of this epiphytic species seems to confirm the hypothesis that time is more important than spatial factors in dispersal processes for long-lived species as L. pulmonaria (Young et al. 1996) . The detection of low levels of genetic structure are consistent with the results of Werth et al. (2006a) and Werth et al. (2007) who demonstrated the existence of a weak but significant isolation by distance in L. pulmonaria in a disturbed landscape in Central Europe. The significant fine scale genetic structure was attributed to spatial clustering of clones along with significant genetic differentiation among populations (Wagner et al. 2005; Werth et al. 2006a, b) , suggesting that dispersal in L. pulmonaria is rather effective, but not spatially unrestricted (Scheidegger and Werth 2009 ). Other studies on lichens species have reported dispersal limitations at small spatial scales with a significant spatial structure (Walser 2004; Cassie and Piercey-Normore 2008) or the absence of long range dispersal (Walser et al. 2005) . By contrast and more frequently, studies showed that propagules of lichen-forming fungi are widely and effectively dispersed at both small and large spatial scales and thus populations are not structured at and below the landscape level (Palice and Printzen 2004; Buschbom 2007; Werth and Sork 2008; Lättman et al. 2009; Otálora et al. 2010 ).
Habitat quality of the remnant forest fragments, surrounding matrix and moisture conditions within the forest are critical in the performance and behaviour of Lobaria pulmonaria in Mediterranean mountain forests (Belinchón 2009; Belinchón et al. 2009 ). Our genetic study emphasizes that habitat quality is the most important factor for the longterm maintenance of L. pulmonaria. However, in this study we didn't find any effects of the surrounding matrix on genetic diversity and structure, suggesting that fragmentation effects tend to be observed first in the ecological features (occurrence and cover) than in the genetic component of the populations (Caughley 1994; Zartman et al. 2006; Kramer et al. 2008) . Our results showed that in the Mediterranean landscape the populations of this lichen species are structured by a gradient of habitat quality. In conclusion, the levels of genetic diversity and differentiation in L. pulmonaria are the result of high levels of gene flow within populations and rapidly declining levels of gene flow with increasing distance among populations within forest patches. The levels of genetic differentiation found between forest patches reflect historic dispersal before the forest landscape was altered by forest management that led to the current level of fragmentation. The relatively high level of genetic diversity of the species in old forest patches, regardless of patch size, indicate that habitat quality, i.e. the availability of old trees in a highly structured forest stand is shaping the population size and distribution pattern of this species and its associated species rich lichen community. Thus, conservation and recovery programmes of Mediterranean Mountain forests have to prioritize habitat quality of old forest patches.
